In the present study, phenolic content and antioxidant capacities including cellular antioxidant activity of eight Chinese sweet corn varieties were investigated. The total phenolic content revealed significant varietal differences and phenolics existed mainly in free form. HPLC analysis showed that ferulic and p-coumaric acids were the dominating phenolics in sweet corn. The DPPH scavenging capacity, ferric reducing antioxidant power, and cellular antioxidant activity demonstrated distinct varietal differences, which were positively correlated with their phenolic content, although the orders of antioxidant activity of eight varieties determined by three different methods were not consistent. Sweet corn could be a better substitute for many commonly consumed vegetables in terms of phenolics and antioxidant activity.
Introduction
Sweet corns (Zea mays saccharata Sturt.) are special varieties of maize with high sugar content due to altered endosperm starch synthesis. According to the level of sugar in the corn kernel, four groups of sweet corn have been developed for commercial production including standard, supersweet, sugary enhanced, and high sugar sweet corn. [1] Supersweet corn is the most commonly planted variety due to its higher sugar content and relatively longer shelf life. Sweet corn is mainly planted for fresh consumption or canned production as a vegetable rather than a grain. Nowadays, it is one of the most important vegetables on the dining table in America, China, and many other countries by virtue of its high nutritional value and good taste. Recently, sweet corn has become increasingly more popular in China and it was reported that the planting area of sweet corn in China accounted for over 20% of global planting area in 2010. Furthermore, South China is the main production area because of the warm climate. The planting area of sweet corn in the Guangdong province accounts for over 50% of the whole country. Despite the relatively late initiation of sweet corn breeding program, many new varieties with good eating quality have been developed now in China. Breeders have been devoted mainly to the improvement of yield, sweetness, and other flavor characteristics. Whereas, less attention has been paid to the nutritional quality and health benefits of sweet corn compared to other vegetables.
The epidemiological evidence has shown that increased consumption of fresh vegetables is associated with reduced risk of many chronic disorders such as diabetes, cancers, and cardiovascular diseases. [2] [3] [4] A number of studies indicate that oxidative stress arising from oxidant/antioxidant imbalance plays a paramount role in the initiation and progress of these chronic diseases. The health benefits of fresh vegetables are mainly attributed to the high abundance of non-nutrient phytochemicals, especially phenolics, and their potent antioxidant activity. Phenolic compounds contained in vegetables can scavenge excessive free radicals produced in the human body by donating hydrogen, quenching singlet oxygen or chelating metal ions, etc. Furthermore, phenolics can also improve the redox status indirectly by increasing the expression and activity of antioxidant enzymes. Many of the available methods for evaluation of antioxidant activity including DPPH radical scavenging capacity and ferric reducing antioxidant power are performed in a chemical environment. These chemical-based methods may mislead us (at least to some degree) in predicting the in vivo antioxidant activity due to the nonphysiological reaction system and failure to take bioavailability of antioxidants into consideration. Cellular antioxidant activity (CAA) assay, however, is a cell-based method that can mimic the complex biological system to some extent. [5] Therefore, the CAA assay has been widely used for screening the antioxidant activity of varieties of samples. [6, 7] It has been found that phenolic compounds in plants occur in free and bound forms. A large portion of phenolics present in grains were proved to exist in bound form, while this phenomenon is quite opposite in fruits and vegetables. [8] The phenolic profiles of common corn have been reported previously. Adom et al. found that corn had much higher total phenolic and flavonoid content than other whole grains including rice, wheat, and oats. [9] Several phenolic compounds were identified and quantified from corn including ferulic, vanillic, protocatechuic, and syringic acids. [9, 10] Although the information regarding the phenolic profile of common corn can provide a clue to the phenolics of sweet corn, there might be difference between the two corns considering their different genotypes and harvest time. As an increasingly important component of a healthy diet, sweet corn is believed to provide high nutrition value besides a taste of sensory enjoyment. Previous studies determined the content of main nutrients in sweet corn, [11, 12] yet little is known about the non-nutrient phytochemicals in sweet corn. To our knowledge, this topic was only involved in few studies. Liu's research group analyzed the changes in phenolic content of sweet corn during thermal processing. [13] They also reported the free phenolic content and CAA activity of sweet corn as one of 27 determined vegetables commonly consumed in America. [14] Furthermore, Das et al. compared the phytochemical content and antioxidant activity in the skin, germ, and endosperm fractions of four Indian maize varieties including quality protein maize (QPM), baby corn, popcorn, and sweet corn. [15] However, the differences in phenolic content and antioxidant activity among different sweet corn varieties, especially those in the bound phenolic fractions are still unknown.
Therefore, the phenolic content and antioxidant activity, including the CAA activity of eight representative sweet corn varieties commercially planted in South China, were investigated in the present study. The purpose of our research is to determine the content of free and bound phenolics and their predominant phenolic compounds and to compare the antioxidant activity of different sweet corn varieties determined by various methods including the CAA assay.
Materials and methods

Chemicals and reagents
6-Hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid (Trolox), 2,2-diphenyl-1-picrylhydrazyl (DPPH·), 2,4,6-tripyridyl-s-triazine (TPTZ), 2′,7′-dichlorofluorescin diacetate (DCFH-DA), gallic acid, quercetin dehydrate, (+)-catechin, ferulic acid, p-coumaric acid, fluorescein disodium salt, 2,2′-azobis (2-amidinopropane) dihydrochloride (AAPH), and Folin-Ciocalteu's phenol reagent were all purchased from Sigma-Aldrich Inc. (St. Louis, MO, USA). Dulbecco's modified eagle's medium (DMEM) and fetal bovine serum were from HyClone (Logan, UT, USA th -22 nd day after silk emergence. The kernels were removed immediately from the cobs after harvest and stored at -80°C until analysis. All the experiments were repeated three times and data were reported as means ± standard deviation (SD).
Extraction of free phenolics
Free phenolic compounds were extracted according to the modified method reported previously. [16] Briefly, 50 g of corn kernels were homogenized with 80% chilled acetone (1:2, w/v) in a Philips blender for 5 min. The homogenate was then homogenized further using an XHF-D homogenizer (Ningbo Xin-zhi-Bio-Technology Co., Ltd. Ningbo, China) at 5000 rpm for additional 3 min. The homogenate was centrifuged at 4500 rpm for 15 min at 4°C. The residue was extracted again under the same conditions. The supernatants were combined and concentrated under vacuum at 45°C until approximately 90% of the supernatant had been evaporated. The residues were saved for the extraction of bound phenolics. The concentrated supernatant was then recovered with distilled water to a final volume of 25 mL and then aliquoted and stored at -80°C until use.
Extraction of bound phenolics
Extraction of bound phenolics was performed according to a previous method with some modification. [17, 18] Briefly, the residues of sweet corn from the free phenolic extraction were hydrolyzed with 25 mL of 4 M NaOH at room temperature for 1 h with continuous shaking under nitrogen gas. The mixture was acidified to pH 2 with 6 M HCl and extracted six times with ethyl acetate. The above ethyl acetate fractions were combined and evaporated at 45°C till dryness. The dried extracts were then redissolved in distilled water to a volume of 10 mL and stored at -80°C until analysis.
Determination of the total phenolic content
The modified Folin Ciocalteu (FC) colorimetric method described previously was applied to analyze the content of the total phenolics of samples. [13] Briefly, a 125 μL of appropriately diluted phenolic extract was mixed with 0.5 mL of distilled water and subsequently 125 μL of the FC reagent. After 6-min reaction, 1.25 mL of 7% aqueous sodium carbonate solution and 1 mL of distilled water were added into the mixture in sequence. The final solution was mixed and then kept for 90 min in the dark to develop color. The absorbance was read at 760 nm using a Shimadzu UV-1800 spectrometer (Shimadzu Inc., Kyoto, Japan). Gallic acid was used as standard and the total phenolic content was expressed as milligrams of gallic acid equivalents (GAE) per 100 g of fresh weight (FW) of the sample.
Determination of the total flavonoid content
The total flavonoid content of the sweet corn kernel extracts was determined using a modified colorimetric method described earlier. [19] A 250 μL of diluted extract was added into a tube containing 1.25 mL of distilled water. Seventy five microliters of 5% NaNO 2 solution was subsequently added into the mixture. After 6-min reaction, 150 μL of 10% AlCl 3 ·6H 2 O solution was added and allowed to stand for 5 min before the addition of 0.5 mL of 1 M NaOH solution. The final volume was adjusted to 2.5 mL with distilled water and the absorbance was read immediately at 510 nm using a Shimadzu UV-1800 spectrometer. Catechin was used as the standard compound, and the total flavonoid content was expressed as milligrams of (+)-catechin equivalents (CE) per 100 g FW of the sample.
Determination of ferulic acid and p-coumaric acid
All the samples were analyzed using an Agilent 1200HPLC system (Waldbronn, BadenWürttemberg, Germany) equipped with an Agilent 1200 series VWD detector and autosampler. An Agilent Zorbox SB-C 18 column, 250 mm × 4.6 mm column (Palo Alto, CA, USA), was used for the separation of phenolic compounds. The column temperature was maintained at 30°C. The mobile phase was composed of 0.4% aqueous solution of acetic acid (solution A) and acetonitrile (solution B). Linear gradient elution was used as follows: 0-40 min, solution B 5-25%; 40-45 min, solution B 25-35%; and 45-50 min, solution B 35-50%. The flow rate was 1.0 mL/min and the injection volume was 20 μL. Detection was set at 280 nm. Prior to analysis, all of the samples were filtered through a 0.25 μm membrane filter (Millipore, Billerica, MA, USA). The identification and quantification of ferulic acid and p-coumaric acid was based on the retention time and UV-visible spectral data compared to known standards. [19] Antioxidant capacity determined by the DPPH assay
The DPPH radical scavenging capacities of sweet corn kernels were performed according to a previous report. [20] Briefly, 200 μL of serially diluted sample or methanol (control) were added to 2.8 mL of 70 μM DPPH methanol solution. After vigorous shaking, the mixture was placed in the dark for 30 min at room temperature, and then absorbance value was determined using a Shimadzu UV-1800 spectrometer at 517 nm. The antioxidant activity was expressed as inhibition percentage (I%) and calculated using the following equation: I% ¼ Â 100, where Abs control represents the absorbance of control and Abs sample represents the absorbance of sample. Fifty percent inhibitory concentration (IC 50 ) of each sample represents the concentration of sample in which 50% DPPH was inhibited. IC 50 was calculated by constructing curves of the percentage of DPPH inhibition versus log (extract concentration expressed as the weight of sweet corn kernels). The results were expressed as mg FW of sample/mL.
Antioxidant capacity determined by the FRAP assay
The FRAP assay was carried out according to a modified previous method.
[ 21] The working solution was prepared by mixing 25 mL of 300 mM acetate buffer (3.1 g of CH 3 COONa·3H 2 O and 16 mL of CH 3 COOH pH 3.6), 2.5 mL TPTZ solution (10 mM TPTZ in 40 mM HCl), and 2.5 mL of 20 mM FeCl 3 ·6H 2 O solution. The mixture was incubated at 37°C before use. A 200 µL of sweet corn kernel extracts or distilled water (blank) were mixed with 2.8 mL of working solution. The mixture was allowed to stand for 30 min in dark at room temperature. Absorbance was measured at 593 nm using a Shimadzu UV-1800 spectrometer. Trolox was used as standard. The antioxidant activity by FRAP was expressed as milligrams of trolox equivalents (TE) per 100 g FW of sample.
Antioxidant activity determined by the CAA assay
The CAA assay was performed according to the procedure of Wolfe et al. [5] Briefly, HepG2 cells were seeded into a black 96-well microplate (Corning) at a density of 6 × 10 4 cells in 100 μL of DMEM medium containing 10% fetal bovine serum per well. After 24-h culture, the medium was removed, and cells in each well were treated with different concentrations of quercetin or phenolic extracts with DCFH-DA (25 μmol/L) in DMEM for 1 h. Wells where cells treated with 25 μmol/L DMEM alone were set as blank or control wells. Then, 100 μL of 600 μmol/L AAPH dissolved in HBSS was added to each well except blank ones, where 100 μL of HBSS without AAPH was added. Fluorescence in each well was measured using an Infinite® M200 PRO plate reader with 485 nm excitation and 538 nm emission and recorded every 5 min at 37°C for 1 h. The CAA results are expressed as micromoles of quercetin equivalents (QE) per 100 g FW of sweet corn. Each treatment in the same plate was analyzed in triplicates and the CAA values of each sample were from three separate experiments.
Statistical analysis
Values were expressed as means ± SD for triplicate determinations of each sample. The differences among sweet corn varieties were analyzed using one-way ANOVA followed by SNK-q test. A two-tailed unpaired Student's t-test was used to compare the differences in CAA qualities of the free and bound fractions of the same sweet corn variety. A value of p < 0.05 was considered statistically different. The correlation between variables was analyzed by the Pearson correlation test. All statistical analyses were performed by SPSS statistical package version 13.0 (SPSS Inc. Chicago, IL, USA).
Results
Total phenolic and flavonoid content
The free and bound phenolic and flavonoid content in kernels of 8 sweet corn varieties is presented in Table 1 . The range of free phenolic content was from 30.35 (Suiyoutian 1) to 47.76 (Fotian) mg GAE/100 g, and the range of bound phenolic content was from 4.45 (Zhutian 3) to 14.47 (Jinyinsu 2) mg GAE/100 g. The percentage contribution of free phenolic content to the total ranged from 74.6% (Jinyinsu 2) to 88.3% (Zhutian 3). The total phenolic content of eight sweet corn varieties varied from 38.00 to 57.04 mg GAE/100 g. The coefficient of variation (CV) of the total phenolic content in sweet corn varieties was 15.9%. Jinyinsu 2 and Fotian 2 had the highest total phenolic content and Zhutian 3 and Suiyoutian 1 had the lowest total phenolic content. The free flavonoid content of eight sweet corn kernel samples ranged from 3.03 (Suiyoutian 1) to 5.08 (Fotian 2) mg CE/100g, and the bound flavonoid content ranged from 1.56 (Zhutian 3) to 2.60 (Jinyinsu 2) mg CE/100g. The percentage contribution of free flavonoids to the total was from 61.7 (Zhongtian 2) to 73.7% (Fotian 2). The total flavonoid content was from 4.89 (Suiyoutian 1) to 7.34 (Jinyinsu 2) mg CE/ 100g. The CV of the total flavonoid content of different sweet corn varieties was 15.2%.
Ferulic acid and p-coumaric acid content of sweet corn
The content of free and bound ferulic acid and p-coumaric acid of sweet corn kernels and the percentage contribution of each fraction to the total in different varieties are presented in Table 2 . The free ferulic acid content ranged from 270.22 (Huabaotian 8) to 814.53 (Jinyinsu 2) μg/100 g. The bound ferulic acid content ranged from 2357.44 (Zhutian 3) to 11492.27 (Suiyoutian 1) μg/100 g. Ferulic acid in sweet corn kernels occurred mainly in bound form. The CV of the total ferulic acid content in different sweet corn varieties was 42.8%, which indicated that significant genotypic differences existed in the tested sweet corn varieties. Jinyinsu 2 had the highest while Zhutian 3 had the lowest total ferulic acid content. The free and bound p-coumaric acid content ranged from 192. 653.14 ± 13.55b 1 Values with no letters in common in each column are significantly different (p<0.05). 2 Values in parentheses indicate percentage contribution to the total (Jinyinsu 2) μg/100g. The CV of the total p-coumaric acid in different sweet corn varieties was 22.6%. The total content of p-coumaric acid in Jinyinsu 2 was higher than all the other seven sweet corn varieties.
DPPH radical scavenging activity of sweet corn
The results of the DPPH radical scavenging activity of eight sweet corn varieties, expressed as the concentration of fresh sweet corn where 50% DPPH radicals is inhibited (IC 50 ) are shown in Table 3 . Both the extracts of free and bound fractions showed significant differences in DPPH scavenging activity among tested sweet corn varieties. The IC 50 values of free fraction varied from 85.01 to 281.97 mg/mL. Fotian 2 had the lowest IC 50 value of DPPH scavenging, indicating the highest antioxidant activity. The bound fraction of Zhutian 3 (314.61 mg/mL) and Jinyinsu 2 (117.48 mg/mL) showed the lowest and the highest DPPH scavenging activity, respectively.
Antioxidant capacity of sweet corn determined by FRAP
The antioxidant capacity of the free and bound fraction of 8 sweet corn varieties determined by the FRAP assay are presented in Fig. 1 . The FRAP values of free fraction in eight sweet corn varieties ranged from 19.16 to 32.42 mg TE/100 g. The percentage contribution of free fraction to the total antioxidant activity was from 54.8% in Jinyinsu 2 to 73.6% in Suiyoutian 1. The total antioxidant activity ranged from 26.02 to 44.67 mg TE/100 g. The CV of the total antioxidant activity in different sweet corn varieties was 18.8%. Jinyinsu 2 and Fotian 2 had the highest total antioxidant activity (p > 0.05), and Suiyoutian 1 and Zhutian 3 showed the lowest total antioxidant activity by FRAP (p > 0.05).
Antioxidant activity of sweet corn determined by CAA
CAA values of the free and bound fraction of eight sweet corn varieties are presented in Fig. 2 . The CAA values of free fraction in 8 sweet corn varieties ranged from 4.55 to 8.83 μmol QE/100 g. The percentage contribution of free fraction to the total CAA value was from 60.7% in Suiyoutian to 74.8% in Fotian 2. Jinyinsu 2 had the highest total CAA value (13.59 μmol QE/100 g) followed by Zhongtian 2 and Fotian 2 (10.73 and 9.92 μmol QE/100 g, respectively). There were no significant differences between Xiantian 5 (9.36 μmol QE/100 g), Huabaotian 8 (8.96 μmol QE/100 g) and Suiyoutian (8.43 μmol QE/100 g). The last one had a similar total CAA value to that of Zhentian 1 (7.49 μmol QE/100 g). Zhutian 3 showed the lowest total CAA value of 6.09 μmol QE/100 g. Table 3 . IC 50 values of DPPH scavenging activity of different sweet corn varieties determined (mg FW of sample /mL) (means ± SD, n = 3). 
Discussion
Phenolics are synthesized in plants as secondary metabolites during normal growth and development. However, more phenolics can be produced when the plants suffer from stress conditions such as infection, wounding and UV radiation. [22] Besides the environmental factors, the phenolic profiles of fruits, vegetables, and grains also show significant genetic variance. The results of the current study indicate that there are statistical differences in phenolic content of the most sweet corn varieties. Dewanto et al. reported the total phenolic X i a n t i a n 5 H u a b a o t i a n 8 J i n y i n s u 2 Z h u t i a n 3 Z h e n t i a n 1 F o t i a n 2 S u i y o u t i a n 1 Z h o n g t i a n 2 Figure 2 . Antioxidant activity of the free and bound phenolic fractions of 8 sweet corn varieties determined by cellular antioxidant assay (CAA) (n = 3, means ± SD). Means without a common letter are significantly different (p < 0.05). content of sweet corn was 72.0 mg GAE/100 g (25 and 47 mg GAE/100 g in free and bound fraction, respectively), which is higher than that determined in the eight sweet corn varieties in the present study (38.00-57.04 mg GAE/100g). [13] However, in another study, the free phenolic content in sweet corn was as low as 26.7 mg GAE/100 g, [14] which is less than that determined in the 8 varieties in the present study (30.35-47 .76 mg GAE/100g). It can be found that the higher total phenolic content in Dewanto's study is mainly due to the much higher bound phenolic percentage contribution in the sweet corn variety they used than that in the eight sweet corn varieties analyzed in the current study.
As stated earlier, phenolics exist in significant quantities as insoluble bound form, especially in grain. Although consumed as vegetables, sweet corn belongs to subspecies of maize like common corn. Corns and other grains were reported to have much more bound than free phenolics. [9, 23] The bound phenolics were reported to account for 65% of the total in sweet corn according to Dewanto's report. [13] On the other hand, the current results showed that the phenolics in sweet corn kernels exist mainly in free form (74.6-88.3%), which is similar to those found in vegetables. Bound phenolics in maize mainly distribute in the bran fraction. [24] A thin bran is an important superiority of sweet corn over common corn cultivars to maintain its tasting quality. Breeders try to improve the mouthfeel of sweet corn by decreasing bran thickness. The sweet corn varieties analyzed in the present study are the widely grown cultivars in South China with relatively thin bran. The variations in bran thickness along with the different agro-climatic condition might partly account for the discrepancy of bound phenolic percentage contribution in the current study and that reported by Dewanto et al.
As a vegetable, the total phenolic content of sweet corn is equivalent to that of cabbage, radish, and mushroom, but higher than that of celery, lettuce, and cucumber. [14] The phenolic content of sweet corn in the present study is close to that of common corn (15.55 μmol GAE/g =264 mg GAE/100 g dry weight) considering nearly 80% water content in fresh sweet corn, and higher than other grains, including wheat (135.8 mg GAE/100 g), oats (111.0 mg GAE/100 g), and rice (94.5 mg GAE/100 g). [9] Ferulic acid and p-coumaric acid, which are hydroxycinnamic acid derivatives, are reported to be the predominant phenolic acids detected in maize and other grains. [9] Due to its diverse health benefits, including anti-oxidant, anti-inflammatory, and anti-cancer activities, ferulic acid is regarded as one of the most important phenolic acids and receiving increasingly more attention. [25] The antioxidant and cardiovascular protective properties of p-coumaric acid makes it to be of great interest. [26] Therefore, HPLC method was employed in the present study to determine the content of these two important phenolic acids. Dewanto et al. previously reported that ferulic acid content of sweet corn was 42677 μg/100 g (calculated according to the reported data by adding free, soluble conjugated and bound ferulic acid content together), which is much higher than that of 8 determined varieties in the present study (2890.01-13084.40 μg/100 g). Ferulic acid mainly exists in bound form in grain. A much lower percentage contribution of bound phenolics to the total in our study (11.7-25 .4%) than that in Dewanto's (65.3%) may account for the great variation in ferulic acid content between the two studies.
Many in vitro methods have been developed to estimate the antioxidant activity of plantextracts and pure compounds by measuring the radical scavenging capacity, the reducing power and the chelation of the transition metal ions, etc. DPPH assay, which is based on hydrogen atom transfer reaction, has been widely used for assessing radical scavenging capacity. [27] The FRAP assay measures the reducing capacity of antioxidants based on the electron transfer (ET) mechanism. CAA method might give more indicative information due to the fact that a physiological reaction system and cells are involved in the method. Therefore, in the present study, 3 different methods DPPH, FRAP, and CAA assay were used to estimate the antioxidant activity of 8 sweet corn varieties. For the free fraction, Fotian 2 showed the highest antioxidant activity by DPPH and FRAP assays but the second highest activity following Jinyinsu 2 by the CAA method. It was notable that the free fraction of Jinyinsu 2 showed the second lowest and the second highest antioxidant activity by DPPH and FRAP methods, respectively. For the bound fraction, Jinyinsu 2 shows the highest and Zhutian 3 shows the lowest antioxidant activity by the 3 assay methods, while Suiyoutian 1 has equivalent FRAP value to Zhutian 3. It seems that DPPH scavenging activity can not provide the same information as the other 2 methods when they are used to evaluate the antioxidant activity of the free phenolic fractions of sweet corn.
Correlation analysis showed that the FRAP antioxidant capacity of the investigated sweet corn varieties had significantly positive correlation with their total phenolic content (r = 0.966, p < 0.001). IC 50 values of DPPH scavenging capacity of the bound fractions showed statistically negative correlation with phenolic content (p < 0.01) with r = -0.872, suggesting that DPPH scavenging capacity was positively correlated with the bound phenolics. However, free phenolic content in determined sweet corn varieties did not show significant correlation with DPPH scavenging capacity. The CAA values expressed as per 100 g sweet corn fresh weight were significantly positive correlated with the phenolic contents with r = 0.806 (p < 0.05) in free fraction and r = 0.934 (p < 0.01) in bound fraction. Therefore, phenolics might be the main contributor for the antioxidant activity in sweet corn kernels.
Since DPPH can only be dissolved in organic solvents not in water, the DPPH assay is usually performed in a methanol or ethanol reaction system where lipophilic antioxidants can react with DPPH radical easily. [28] Besides phenolics, corn also contains some lipophilic antioxidants like lutein and zeaxanthin, which might be extracted partly by an acetone aqueous solution. [29] Although the content of carotenoids was not determined in the present study, they might exhibit antioxidant activity in the free phenolic fraction of different sweet corn varieties. The interference from these nonphenolic antioxidants may at least partly account for the inconsistency in antioxidant activity between the DPPH assay and the other two methods.
To our knowledge, it is the first study to report the antioxidant activity of different sweet corn varieties, especially with CAA assay. Song et. al. [14] reported the CAA value of sweet corn (4.62 μmol QE/100 g) as one of selected 27 commonly consumed vegetables in the United States, which is lower than CAA values of all the sweet corn varieties except Zhutian 3 in our study. When compared to other vegetables, the CAA activity of free fraction of eight sweet corn varieties (4.55-8.83 μmol QE/100 g) is equivalent to that of chilli pepper (8.80 μmol QE/100 g), sweet potato (8.56 μmol QE/100 g), radish (7.35 μmol QE/100 g), yellow onion (6.40 μmol QE/100 g), lettuce (5.07 μmol QE/100 g), and potato (4.76 μmol QE/100 g), but significantly lower than that of eggplant, broccoli, cabbage, etc. [14] It can be concluded that the determined sweet corn varieties can provide equivalent CAA activity to many common vegetables.
In order to compare the antioxidant potential of phytochemicals in various sweet corn varieties, the CAA values per 100 μmol of phenolic compounds present in eight varieties were calculated as cellular antioxidant qualities in Table 4 . The free fraction of Jinyinsu 2 had much higher cellular antioxidant quality than other seven sweet corn varieties. It is noticeable that the bound phenolics had much higher cellular antioxidant qualities than the free in all the varieties. The bound fraction of Suiyoutian 1 had the highest cellular antioxidant quality followed by Huabaotian 8. All the other varieties showed lower antioxidant quality and had no statistical difference among tested varieties. The variation in cellular antioxidant quality among different varieties is partly due to their difference in phenolic profiles, especially the percentage contribution of ferulic acid to the total phenlics. Jinyinsu 2, which has much higher percentage of ferulic acid to the total phenolics in free fraction (19.13 μg/mg) as compared to all the other varieties (7.00-15.87 μg/mg). Similarly, the bound fraction of Suiyoutian 2 and Huabaotian 8 had higher cellular antioxidant qualities than that of other varieties, also have much higher percentage of ferulic acid to the total phenolics than the other six varieties (1502.26 μg/mg and 981.37 μg/mg, respectively). It can be concluded that ferulic acid is an important component contributing to the CAA activity in sweet corn. Besides, other phenolics including vanillic acid, vanillin, and protocatecuic acid were detected in corn previously. [30] These may also contribute to the CAA quality of different sweet corn.
In conclusion, eight Chinese sweet corn varieties showed significant varietal difference in terms of phenolics, flavonoids and antioxidant activity. Conversely to common corn, the phenolics and flavonoids determined in sweet corn mainly existed in free form. Ferulic acid was the predominant phenolic acid in sweet corn, present mainly in bound form. Sweet corn could provide equivalent phenolics and antioxidant potential to many common vegetables like lettuce and potato, etc. 2.75 ± 0.19a 6.03 ± 0.46ab* 1 Values with no letter in common in the same column are significantly different (p< 0.05) *There is significant difference between free and bound CAA qualities in the same sweet corn variety.
